Introduction
In the southern Bohemian Massif (Fig. 1a) the Late Variscan tectonometamorphic evolution (~340-280 Ma) has been interpreted, and is widely accepted, as related to a continent-collisional setting. High-temperature and medium-to high-pressure metamorphism in continental and oceanic crust, caused by subduction of the Palaeo-Tethys and parts of the adjacent continental margin underneath Laurasia, was followed by nappe stacking and transport, crustal thickening and subsequent crustal collapse (e.g., Fritz and Neubauer 1993; O'Brien and Carswell 1993; Finger and Steyrer 1995; Büttner and Kruhl 1997; Roberts and Finger 1997) . The collapse of the Variscan crust was accompanied by formation and intrusion of the South Bohemian Batholith. Most evidence for this scenario provided the investigation of high-grade metamorphic nappe sequences, such as Drosendorf and Gföhl units, at the south-eastern and eastern margin of the Bohemian Massif and in central Bohemia (e.g., O'Brien and Carswell 1993; Fiala 1995, and references therein) . These units represent tectonically high levels in the Variscan nappe pile and are regarded as allochthonous. This view has been challenged recently (e.g., Štípská et al. 2004; Racek et al. 2006) who presented an alternative model for the tectonometamorphic evolution of the eastern margin of the Bohemian Massif.
The Mühlzone (Figs 1a, b) , which is the focus of this work, belongs to the lowest crustal levels exposed in the Bohemian Massif and most likely is part of the autochthonous Laurasian crust. The present study investigates the variation of the palaeo-stress field orientation during the late stage of the Variscan orogeny at this relatively low crustal level. Palaeo-stress field variations have been determined using magmatic shear fabrics in granites, coeval solid-state fabrics in the granites' country rocks, and mylonitic fabrics from conjugate ductile shear zones cross-cutting the granites. These shear zones developed after granite solidification. This allows monitoring the response of the crust to contractional regional tectonics during magma emplacement and solidification, and subsequent cooling to amphibolite-and greenschist facies conditions. Some new geochronological data on the timing of the magmatic event within the Mühlzone allow comparison and correlation with the solid-state overprint in the adjacent ductile shear zones. This study correlates stress-field variations at mid-crustal level with the Late Variscan evolution of the southern Bohemian Massif, specifically with regard to contrasting but kinematically and dynamically linked processes at mid-and uppercrustal level.
Geological setting
The investigation of higher structural levels of the Variscan nappe pile, such as the Drosendorf and Gföhl units, tectonically overlying the schists, gneisses and migmatites of the Monotonous Unit, has provided evidence for the pre-, syn-, and post-collisional stages of the orogeny (e.g., O'Brien and Carswell 1993) . Subduction-related high-pressure/high-temperature metamorphism (~350-370 Ma; Carswell and O'Brien 1993), collision-related exhumation, nappe transport and crustal thickening have been proposed for this region (e.g., Carswell and O'Brien 1993; Fritz and Neubauer 1993; O'Brien and Carswell 1993) . Crustal thickening in the southern Bohemian Massif was accomplished by nappe stacking of the Drosendorf and Gföhl units and their subsequent north-to north-northeast directed thrusting onto the Monotonous Unit under upper amphibolite to granulite facies conditions (D 1 in Fritz and Neubauer 1993 and Kruhl 1997 ). The Monotonous Unit, which only close to the nappe contact shows some evidence of top-to-thenorth kinematics, is presumed to be autochthonous.
The emplacement of the Variscan nappe pile in Lower Austria has been dated at ~340 Ma (U-Pb zircon and monazite data; e.g., Friedl et al. 1993 Friedl et al. , 2003 . Subsequent isothermal decompression and collapse of the thickened crust was completed by c. 333 Ma (Friedl et al. 1993 ; D 2 in Büttner and Kruhl 1997) leading to the high-temperature/low-pressure regional metamorphism that is seen throughout the southern Bohemian Massif. In response to the uplift and exhumation of the Moldanubian crust the upper parts of the Variscan nappe pile were thrusted eastwards over the Moravian foreland (Fritz and Neubauer 1993; Büttner and Kruhl 1997) . Crustal uplift, documented by the isothermal decompression P-T paths in the Moldanubian (e.g., O'Brien and Carswell 1993; Büttner and Kruhl 1997) , was probably most intense in the centre and in the west of southern Bohemia and Upper Austria, suggested by the exposure of the deepest crustal levels in these areas (Mühlzone and parts of eastern Bavaria). Crustal uplift also might have caused Büttner Figure 1a T e p l a -B a r r a n d i a n CBB S o u t h B o h e m i a n B a t h o l i t h M o r a v o -S i l e s i a n the Late Variscan (< 340 Ma) displacement of the higher tectonic units away from this area (Fig. 5 in Urban and Synek 1995; Büttner and Kruhl 1997) .
In central Bohemia, collapse-related normal shearing between 340 Ma and 320 Ma along the West and Central Bohemian shear zones led to at least 10 km uplift of the Moldanubian sensu stricto relatively to the Teplá-Barrandian (Scheuvens and Zulauf 2000; Zulauf et al. 2002) . The timing of the collapse in the Teplá-Barrandian is roughly compatible with the uplift and exhumation in southern Bohemia. However, the kinematic relationship of processes in central and southern Bohemia is still poorly constrained.
Recently, an alternative model has been presented for the late phase of tectonic evolution at the eastern margin of the Bohemian Massif (e.g., Štípská et al. 2004; Racek et al. 2006) . The authors challenged the established models of nappe tectonics and proposed syn-convergent exhumation by vertical ductile extrusion of high-pressure granulites during E-W compression, followed by eastward thrusting of Moldanubian units over a Brunian indenter. However, exhumation and erosion during the uplift of the Moldanubian Zone is well established not only from isothermal decompression P-T paths but also from dramatically increasing late-Viséan deposition rates in flysch and molasse basins in the Moravo-Silesian foreland (Cháb and Suk 1976; Dvořák 1995; Hartley and Otava 2001) .
The formation and emplacement of the early and large granitic masses in the South Bohemian Batholith (Weinsberg-and Eisgarn-type granitoids; Gerdes et al. Czech Republic and eastern Bavaria. Its prolonged intrusion history spans over c. 30 Ma but the main plutonic activity producing 80 % of the batholith has been dated at 331-323 Ma (Gerdes et al. 2003) . This time interval is specifically valid for the various types of the Weinsberg granite, the largest component of the batholith and the pluton which is most relevant to the current study. Along the eastern margin of the orogen the emplacement of the batholith was coeval with retrograde cooling of the country rock to the greenschist-facies temperatures and further decompression between ~333 Ma and ~320 Ma (Büttner and Kruhl 1997) . At this stage the tectonic transport of Variscan units onto the eastern foreland graded into widespread NW-SE extensional tectonics (D 3 in Fritz and Neubauer 1993 and Kruhl 1997) .
The Mühlzone is located at the south-western margin of the Bohemian Massif. Bound by the dextral Donau and Pfahl shear zones and the sinistral Rodl shear zone it exposes a crustal level that at Viséan times was deeper than other currently exposed parts of the southern Bohemian Massif. Along the eastern margin of the batholith the Weinsberg granite intruded at a depth corresponding to ~300 MPa (Büttner and Kruhl 1997) whereas the synintrusive pressure in the Mühlzone ranged between 380 MPa and 500 MPa (D 2 in Büttner 1999). Apart from rare and poorly exposed pre-intrusive structures (D 1 in Büttner 1999) the geological record in the Mühlzone starts with the emplacement of the Weinsberg granite (~331-323 Ma, Finger et al. 2003; Gerdes et al. 2003) . At this time the eastern margin of the orogen underwent greenschist facies extension (D 3 in Büttner and Kruhl 1997) .
During the emplacement of the Weinsberg granite in the Mühlzone, its country rocks, essentially biotite-plagioclase gneisses and possibly intercalated amphibolites, were close to their metamorphic peak (326-321 Ma; Büttner 1999; Kalt et al. 2000; Gerdes et al. 2006 ). Due to additional heat and fluid supply from the intruding Weinsberg magma, the country rocks underwent largescale diatexis forming the in situ Schlieren granite (Finger and Clemens 1995) , which commonly forms a mantle around the Weinsberg Pluton (Fig. 1b) . Textures and structures in both granites are similar (Finger 1986; Büttner 1999) , showing essentially fabrics of their magmatic stage (Fig. 2a) . In contrast to the Weinsberg granite, the Schlieren granite contains magmatic amphibole forming 2-4 mm large euhedral phenocrysts which have been used for P-T analysis (Büttner 1999) and 40 Ar/ 39 Ar age dating (this study). Less or not anatectic equivalents of the Schlieren granite are plagioclase-biotite gneisses, commonly referred to as Perlgneis, which are present essentially along the Danube river (Fig. 1b; Finger 1986; Büttner 1999) .
The intruding Weinsberg granite and the in situ Schlieren granite were affected by regional non-penetrative deformation forming a sub-horizontal magmatic foliation and a generally SE-NW trending lineation. Magmatic S-C fabrics, referred to as D 2 (Büttner 1999) , indicate hanging-wall tectonic transport to the south-east. This transport was referred to as low-angle thrusting (Büt-tner 1999) . However, considering the almost horizontal orientation of the transport lineation and the shallow dip of the magmatic foliation (Fig. 3a) , the D 2 displacement cannot be interpreted as a contribution to crustal thickening. Solid state S-C and C' fabrics in the Perlgneis show a similar orientation, suggesting that plutons and country rocks were affected by the same kinematic event (Fig. 3a) . Using magmatic amphibole and plagioclase from the Schlieren granite, the P-T conditions of magma solidification have been determined as ~380-500 MPa and 700 °C (Büttner 1999) . Various fine-grained granites ( Fig. 1b; e.g., Mauthausen and Haibach type) intruded the crust after D 2 , between 319 and 315 Ma .
During the late stage of granite solidification the subhorizontal D 2 shear system became inactive and was, after a rarely developed transitional stage between magmatic and solid state flow (Büttner 1999) , replaced by the conjugated ductile D 3 shear zones that form the margins of the Mühlzone (e.g., Handler et al. 1991; Brandmayr et al. 1995 Brandmayr et al. , 1997 . The highest temperature ductile deformation increment is seen in cordierite-sillimanite-muscovite bearing mylonites of the Pfahl shear zone which formed at retrograde P-T conditions but still close to those obtained for the Schlieren granite's solidification (~370 MPa/675 °C; Büttner 1999). Although the large-scale map (Frasl et al. 1965) shows fine-grained granites at the location of this mylonite (Loc. 567 in Fig. 1b ) the more likely protolith is Weinsberg granite which is exposed nearby, outside the shear zone.
Continuous ductile shearing during crustal cooling produced deformation increments formed under middle and lower amphibolite-and, locally, upper greenschistfacies conditions. Temperatures of deformation have been determined using muscovite-biotite thermobarometry and temperature-sensitive mineral assemblages and microfabrics. More details can be found in Handler et al. (1991 ), Brandmayr et al. (1995 , 1997 and Büttner (1999) . An age bracket of 288-281 Ma for greenschistfacies deformation has been suggested by Brandmayr et al. (1995) on the basis of muscovite 40 Ar/ 39 Ar data. In a recent study, Siebel et al. (2005) have suggested initiation of ductile shearing along the Pfahl shear zone in Bavaria (about 70 km north-east of the study area) as early as 334 ± 3 Ma on the basis of Pb-Pb zircon evaporation ages. This predates the thermal peak of metamorphism (321-326 Ma; U-Pb zircon ages, Kalt et al. 2000; Gerdes et al. 2006 ). However, no mylonites along the Pfahl show assemblages characteristic of the regional thermal peak (Crd-Sill-high Ti Bt ± Spl, but no Ms; Büttner 1997). In all shear zones muscovite is present and sillimanite is rare, indicating retrograde shearing. High-temperature mylonites in the Pfahl shear zone probably benefited from heat supplied by the Weinsberg granite, from which they formed (Loc. 567, Fig. 2c ).
Magmatic and solid-state shearing in the Mühlzone
For stress field estimations 78 foliation/transport lineation pairs from 36 locations within granites and the shear zones have been analysed (Fig. 1b) , partly using previously published data (Büttner 1999) . In all investigated locations shear sense indicators are present. Within the Weinsberg and Schlieren granites euhedral feldspar, isometric or irregularly shaped coarse-grained quartz, the absence of recrystallisation or other evidence of significant solid-state deformation (Fig. 2a) , indicate the formation of the subhorizontal D 2 shear fabrics by magmatic flow (e.g., Paterson et al. 1989; Vernon 2000) . Titaniumrich biotite, sillimanite and occasional cordierite indicate amphibolite-facies conditions in the Perlgneis. The D 2 foliation in the granites and the Perlgneis has a variable and generally shallow dip, apart from few moderately NNE dipping foliation planes (Fig. 3 in Büttner 1999) . The magmatic lineation, defined by long axes of K-feldspar phenocrysts, plunges shallowly to the north-west.
Magmatic S-C fabrics indicate SE hangingwall transport (D 2 ; Büttner 1999). Data from the two granites are indistinguishable. Occasionally the magmatic foliation is absent, and well developed lineations suggest prolate D 2 strain. Near St. Martin (Fig. 1b) syn-magmatic D 2 shearing led to southwest-directed hangingwall transport along subhorizontal shear planes (grey symbols in Fig. 3a) . The dextral Donau and Pfahl D 3 shear zones (Figs 2b, c) show evidence of tectonic transport along moderately to steeply north-east dipping mylonitic foliation planes and shallowly south-east plunging stretching lineations (Fig. 3b) , indicating dominant strike-slip with a small component of normal-slip displacement. In locality 567 of the Pfahl shear zone (Fig. 1b) high-temperature deformation, indicated by synkinematic growth of sillimanite and cordierite (Fig. 2c) , has produced structures different than in other places along this shear zone. The foliation is more northerly dipping and the stretching lineation plunges northwest (graded symbols in Fig. 3b ), plotting closely to the position of magmatic D 2 lineations (Fig. 3a) . Tectonic transport in the sinistral Rodl shear zone occurred along steep northeast-southwest striking foliation planes and subhorizontal stretching lineations (Fig. 3c) . Foliation poles and lineations plotting close to the periphery of the stereonet suggest strike-slip displacement without the small normal-slip component that is seen in the dextral shear zones. The uniform orientation of D 3 shear zones along strike, regardless of the lithology that is crosscut, suggests low rheological contrasts during their formation. Microfabrics in the ductile D 3 shear zones (i.e., Pfahl, Rodl and Donau) suggest deformation under amphibolite-facies conditions, indicating their coeval activity and conjugated nature. The most common temperaturesensitive microfabrics are recrystallised feldspar (Voll 1976 ) associated with efficient quartz recrystallisation and recovery in foam structures (Fig. 2d) , syn-kinematic presence of sillimanite and, at one location in the Pfahl shear zone, growth of cordierite (Fig. 2c) . Most data used for the determination of the D 3 palaeo-stress field were taken from such locations. A minority comes from localities that suggest deformation under upper greenschist-facies conditions, indicated by undulose extinction of plagioclase, kinking and deformation twins in feldspar, quartz recrystallisation, but absence of feldspar recrystallisation. As quartz is the most abundant phase in the investigated rocks, ductile flow can be safely assumed. Hence, von Mise's Law applies to the determination of the palaeo-stress field orientation.
Inferred palaeo-stress field variations
A crucial factor for the determination of the palaeo-stress field orientation is the proportion of simple and pure shear flow during ductile deformation. For both deformation phases, D 2 and D 3 , a kinematic vorticity number close to 1 (i.e., dominant simple-shear flow) is likely. This assumption is supported by the following observations and considerations. (i) A high proportion of pure shear flow in general shear environment would produce some shear sense indicators showing the opposite shear sense than the majority of the indicators (e.g., Passchier and Trouw 2005) . Such indicators do not occur in the D 2 or D 3 fabrics (Büttner 1999) . (ii) The magmatic shear fabrics are developed in large granite plutons which, specifically in the Weinsberg granite, lack pre-existing foliations. Both the Weinsberg and the Schlieren granites contained a significant melt proportion that allowed solid phases to rotate freely and to align with the D 2 foliation (Büttner 1999) . The absence of boundary conditions (e.g., dyke walls or other confining surfaces), allowed the development of shear planes along the surface of maximum shear stress, which is orientated at 45° to σ 1 and σ 3 . Displacement occurs perpendicular to σ 2 , defining the orientation of the transport lineation. This orientation of stress and strain is equivalent to simple shear. (iii) The conjugated D 3 strike slip zones intersect at 90°, which indicates that σ 1 has an approximately N-S trend with a shallow plunge, bisecting the shear zones. This implies simple shear along the D 3 shear zones. A significant component of pure shear in general shear flow should cause an intersection angle smaller than 90° or, in case of pure shear flow, no formation of conjugate shear zones. (iv) During D 3 , granites and migmatites were converted to mica-rich schistose mylonites, suggesting intense pressure solution. This may support a high proportion of simple shear because the C plane in simple shear is static and remains in the position of maximum shear stress throughout the deformation event (Passchier and Trouw 2005) , maximising the intensity of pressure solution.
The orientation of palaeo-stress fields has been obtained stereographically from field data (Fig. 4) . During homogenous deformation, σ 2 is located within the shear plane, at 90° to the transport lineation (Fig. 4a) . In stereographic projection the minimum and maximum principal stresses plot on a great circle to which σ 2 is the pole, and the shear sense vectors along the foliation plane allow discriminating between σ 1 and σ 3 . In simple shear mode, and according to von Mise's Law, ductile (and magmatic) flow forms shear zones in the orientation of the maximum shear stress. Therefore, an angle of internal friction of 45° can be assumed, placing the position of σ 1 and σ 3 at this angle to the transport lineation.
The stress vector distribution obtained from magmatic fabrics in the Weinsberg and Schlieren granites forms clusters with average orientations of 147/32 (σ 1 ), 052/12 (σ 2 ) and 303/56 (σ 3 ; Tab. 1; Fig. 4b ). According to the variable orientation of D 2 structures the obtained stress fields show a relatively large scatter. In agreement with field evidence, the stress field with shallowly-plunging σ 1 and σ 2 vectors and steep σ 3 indicates southeast-directed D 2 low-angle thrusting as the main component of dextral oblique slip. The stress field orientations obtained from the St. Martin exposures suggest σ 1 shallowly plunging to the southwest, subhorizontal NNW-SSE oriented σ 2 , and σ 3 plunging steeply to the NE (grey symbols in Figs 3a, 4b ). Fig. 1b ).
The D 3 stress field patterns obtained from the sinistral Rodl and the dextral Pfahl and Donau shear zones indicate similar orientation of the stress ellipsoid but different distribution of stress vectors compared to D 2 . Steep σ 2 vectors plotting close to the centre of the stereonet (Fig. 4c) reflect the main strike-slip component in the shear zones. Compared to D 2 , σ 1 shows minor clockwise rotation but is still in a NNW-SSW trending and shallowly plunging orientation. The σ 3 has a subhorizontal ENE-WSW orientation. Average orientations of the stress vectors are given in Tab. 1. A significant variation is seen between stress fields obtained from high-temperature mylonites in location 567 and all other (lower-temperature) mylonites. The σ 1 vectors show the usual shallowly plunging SSE-NNW orientation, whereas σ 2 an σ 3 clusters are shifted away from typical D 3 positions. The σ 2 vectors plunge moderately ENE and σ 3 moderately WSW (Tab. 1, shaded symbols in Fig. 4c-d) .
40 Ar-39 Ar amphibole ages
Supplementing U-Pb zircon data of Finger et al. (2003) and Gerdes et al. (2003) Handler et al. (2004) . The dated samples come from the same localities from which amphibole-plagioclase P-T data were published previously (Büttner 1999) . Three samples (574, 581, and 595) were taken at least 5 km away from major D 3 shear zones; one sample (252) comes from the periphery of the Donau shear zone. Samples 574, 581 and 595 show almost undeformed magmatic fabrics (Fig. 2a) . Chessboard patterns in quartz (Kruhl 1996) and minor bending of twin lamellae in plagioclase suggest minor deformation at high temperature which is interpreted as related to the solidification stage of the Schlieren granite. In sample 252, more intense deformation is indicated by recrystallisation of K-feldspar, quartz (Fig. 2e-f) , biotite and plagioclase. Amphibole shows undulose extinction and formation of subgrains (Fig. 2f) . Foam structures in quartz suggest recovery and static recrystallisation. Recrystallisation of feldspar indicates deformation at amphibolite facies temperatures (Voll 1976) . The three samples from the interior of the Mühlzone produced 40 Ar/ 39 Ar amphibole plateau ages of c. 329 Ma with individual uncertainties of approximately ± 11 Ma (2σ; Fig. 5a -c, Tab. 2). Amphibole from the sheared sample 252 produced a younger age (308 ± 11 Ma; Fig. 5d ), postdating the regional hightemperature/low-pressure event (see below) but predating cooling ages obtained from white mica from the Donau shear zone and the Haibach granite outside the shear zone (288.5 ± 0.6 and 287.3 ± 0.6 Ma, respectively; Brandmayr et al. 1995) .
The regional high-temperature/low-pressure metamorphism, closely related to partial melting and batholith formation, has been dated using the U-Pb isotopic system of zircon and monazite. Kalt et al. (2000) suggested that the thermal peak and anatectic melt formation occurred in migmatites of the SE Bayerischer Wald between 326 and 323 Ma (U-Pb zircon data). These data were confirmed by monazite ages of 321-326 Ma obtained from migmatites from the Mühlzone and SE Bavaria (Gerdes et al. 2006) and by U-Pb SHRIMP ages indicating metamorphic zircon growth at 319 ± 5 Ma and 316 ± 10 Ma (Teipel et al. 2004) . Within the errors the 40 Ar/ 39 Ar amphibole ages from the samples 574, 581, and 595 correlate with the previouslyestablished timing of the regional high-temperature event and the intrusion of the Weinsberg granite in the Mühlzone rather than with slow crustal cooling below the commonly accepted closure temperature of the amphibole Ar isotopic system (~500-600 °C; Dahl 1996) . They therefore may provide a time constraint for the formation of the Schlieren granite, which was genetically related to the intrusion of the Weinsberg granite (Finger and Clemens 1995; Büttner 1999) . Sample 252 experienced ductile deformation at amphibolite-facies temperature, which has influenced the Ar isotope systematics and has partly or totally reset the age. (~325 Ma). At this point the kinematic pattern in the Mühlzone changed from subhorizontal D 2 displacement to conjugate D 3 strike-slip shearing, converting subhorizontal orogen-parallel flow to lateral escape tectonics. Compared to the rather penetrative D 2 stage, strain in the solid state was localized in tens to up to c. 500 meter wide steep shear zones, leaving the crust between the shear zones largely unaffected. During cooling of the crust, periodically or continuously, D 3 shearing continued until the Permian with possible brittle reactivation during the Alpine event (Handler et al. 1991; Brandmayr et al. 1995 Brandmayr et al. , 1997 . At Pennsylvanian time (308 ± 11 Ma) the temperature was still high enough for deformation-assisted resetting of the Ar isotopic system, which appears to require at least lower amphibolite-facies conditions (Dahl 1996) .
Discussion and conclusions
The transition from subhorizontal magmatic to the steep solid-state shearing was related to changes in the stress field orientation. Calculated average stress vector positions are considered to approximate the stress field orientations for the D 2 and D 3 stages. Average D 2 stress vectors (Tab. 1, Fig. 4d ) have been calculated using magmatic structures from the Schlieren and Weinsberg granites as well as high-temperature solid-state deformation structures from the Perlgneis. The D 3 stress field (Tab. 1) has been determined using data from exposures showing evidence for lower amphibolite-and upper greenschist-facies deformation temperatures, excluding the high-temperature mylonites from the Pfahl shear zone (Kasbach quarry, Loc. 567, Fig. 1b) . Hence, the D 3 stress vectors should represent the stress field orientation for the crust at the cooling stage (approximately 500-600 °C). During D 2 and D 3 the σ 1 stress vector remained in a shallowly south-southeast plunging orientation with a small variation of about 25° (Fig. 4d) . At the D 3 stage, σ 2 had attained a new position (~331/72), about 20° away from the previous D 2 position of σ 3 , while D 3 's σ 3 is about 25° away from D 2 's σ 2 (Fig. 4d) . Hence, the intermediate and minimum stress vectors almost swapped positions during the transition from magmatic to solid-state deformation, while σ 1 remained approximately constant. The rotation of the stress field can be described by 76° anticlockwise rotation of the D 2 stresses around an axis oriented at 150/13, which is close to all calculated average σ 1 vectors (Tab. 1, Fig. 4d ).
The position of σ 2 and σ 3 vectors obtained from the high-temperature solid-state structures (Locality 567 of the Pfahl shear zone) is roughly between the areas oc- The rotation of the stress field, and hence the orientation of structures produced, correlates closely with the disappearance of the intrusive and anatectic melt in the Mühlzone (~325 Ma). The instant change in stress field orientation is evident from the lack of a significant solidstate overprint along D 2 shear fabrics in the granites, and from the rare occurrence of fabrics formed at the transitional stage from magmatic to solid-state flow. The shear strength of the granites can be expected to have increased significantly during solidification. This led to increasing differential stress in the crust but should not have caused rotation of the stress field. An increase in differential stress during D 3 is supported by common brittle-ductile deformation at amphibolite-facies temperatures, suggesting high strain rates in mylonites of the Rodl shear zone (Fig. 2d) .
The variation of stress vector orientations is interpreted as reflecting variations in Viséan tectonic processes along the southern Variscan suture zone after continent collision. σ 3 changed its orientation from subvertical to Büttner and Kruhl 1997; Büttner 1999 . Therefore it is more likely that the magnitude of the subvertical stress vector, σ 3 during D 2 , remained roughly constant during the short period of transition from D 2 to D 3 . The deposition of Variscan rocks as pebbles in late Viséan conglomerates of the MoravoSilesian Culm basin (Cháb and Suk 1976; Dvořák 1995; Hartley and Otava 2001) may even suggest erosion-related reduction of the rock column acting on the middle crust at this time.
We have seen that Viséan tectonic transport occurred in eastern and south-eastern direction along the SE margin of the Bohemian Massif -processes related to, and following, the post-collisional collapse and extension of the Variscan crust. The NW-SE crustal extension (D 3 in Büttner and Kruhl 1997) started at around ~325 Ma or a few million years earlier, coinciding, according to the most geochronologic data, with the emplacement of the earliest plutons of the batholith, the Rastenberg granodiorite (323 ± 2 Ma, Friedl et al. 1992 Friedl et al. , 1993 ) and the Weinsberg granite (~331-323 Ma, Finger et al. 2003; Gerdes et al. 2003) . Some older ages were reported for the emplacement of the Rastenberg granodiorite (338 ± 2 Ma, Klötzli and Parrish 1996), which, however, appear to be in disagreement with the P-T-d-t evolution of the country rock (Büttner and Kruhl 1997 Finger et al. 2003; Gerdes et al. 2003) coincided with the rotation of the stress field. The most likely explanation for the rotation of σ 3 from subvertical during D 2 to subhorizontal during D 3 appears to be late Viséan horizontal stress relaxation caused by NW-SE extension along the eastern orogen margin. Given that after the collision with Gondwana the southern margin of Laurasia was still under compression, keeping σ 1 constant in orientation, the stress vector that was affected by the NW-SE extension should have been σ 2 . As soon as the magnitude of σ 2 dropped below the magnitude of σ 3 , the stress field rotated and conjugate strike-slip zones replaced the subhorizontal magmatic shearing. The extension direction (NW-SE) was not parallel to σ 2 of D 2 . This might have caused minor stress field rotation that brought σ 1 into a more southerly position. Accordingly, D 3 's σ 3 plunges more easterly than D 2 's σ 2 (Fig. 4d) .
The absolute magnitudes of individual stress vectors have not been determined. However, the lithostatic pressure during the in situ formation of the Schlieren granite of roughly 460 MPa (Büttner 1999 ) suggests a vertical stress of that size during magma solidification. The very low shear strength of the Weinsberg and Schlieren granites during magmatic flow might not have allowed large differential stresses to build up. Small differential stress during the magmatic stage is also suggested by occasional D 2 stress field variations as seen near St. Martin, which are more likely to occur in near-spherical stress fields. Hence, only little stress release by ~SE-NW extension was sufficient to facilitate the almost instant stress vector rotation after D 2 . Small differential stresses were probably also common during D 3 , because at normal strain rates (~10 -14 s -1 ) and amphibolite-facies temperatures, differential stresses ≤ 20 MPa are sufficient to facilitate steady-state plastic flow in quartz-dominated rocks (e.g., Wilks and Carter 1990). However, the high strain rates suggested by microstructures present in the Rodl shear zone (Fig. 2d) require significantly higher differential stresses to form.
The possible kinematic link between subhorizontal and steep shearing in collisional orogens has received little attention in the existing literature. Tectonic patterns similar to those in the Mühlzone are known from the Neoproterozoic basement in SE Brazil (Ebert et al. 1996; Spanner and Kruhl 2002) and occur also in the Mesoproterozoic Namaqua Belt of South Africa (Rowland 2006; Büttner, unpublished data) . Prerequisites for the transition from subhorizontal to steep strike-slip shearing during crustal shortening appear to be (i) low shear strength in highly ductile or partially molten middle or lower crust, allowing efficient shearing at low differential stress, or at least similar σ 2 and σ 3 values; (ii) an orogen geometry that permits lateral stretching during ongoing contraction, facilitating (iii) horizontal stress release reducing the intermediate horizontal stress vector, which then becomes the minimum stress. Because these prerequisites should frequently be realised in the middle crust of contracting magmatic arcs and collision orogens, late-orogenic stress field rotation approximately around σ 1 might be commonly associated with significant changes in tectonic style, such as the initiation of late orogenic escape tectonics.
